Dynamical fermion mass generation is studied in the three-dimensional Thirring model reformulated as a gauge theory by introducing hidden local symmetry. The analysis by use of Schwinger-Dyson equation is shown to exhibit a critical behavior as the number N of four-component fermions approaches N cr = 128/3π 2 .
When we consider the models of massless self-interacting fermions, a central issue is the dynamical fermion mass generation. If it is indeed the case, intriguing detailed questions are whether the model of interest is shown to exhibit a critical behavior as the number N of fermions approaches N cr and, in three dimensions, whether the pattern of dynamically generated masses preserves the parity or not.
In this report we address ourselves to the problem of dynamical symmetry breaking in the Thirring model of N massless four-component fermions. (For the notations and the detailed calculations, see Ref. [1] .)
where ψ a is a four-component Dirac fermion and the indices a, b run over N fermion species. Since the form of four-fermion interaction term is a contact term between vector currents, a well-known technique to facilitate 1/N-expansion is to rewrite Eq. (1) by introducing an auxiliary vector field A µ such as [2] ∼ [6] 
Gauge-noninvariant as the above Lagrangian is, however one may be tempted to regard A µ as a gauge field. A systematic way to construct the U(1) gauge theory, but is gauge equivalent to Eq. (2) is to elicit the fictitious Goldstone degree (or equivalently the Stückelberg field) based on the principle of hidden local symmetry [9] , [7, 1, 8] :
It is obvious that Eq. Now that we find a gauge-invariant formulation of the Thirring model, we have the privilege to choose the gauge appropriate for our particular purpose. Here, instead of the unitary gauge notorious for loop calculations, let us consider the nonlocal R ξ gauge at the Lagrangian level
where the gauge fixing parameter ξ has the momentum-(derivative-) dependence.
It is straightforward to prove the possession of the BRS symmetry in spite of the nonlocality of ξ and thereby it guarantees the S-matrix unitarity. Another intriguing point is that, in the combined Lagrangian of Eqs. (3) and (4), the fictitious NambuGoldstone boson φ is completely decoupled independently of the specific form of ξ(∂ 2 ).
In (2+1) dimensions, our Lagrangian in Eq. (3) is invariant under the parity
and the so-called global "chiral" transformation
where unfavorable by using the exact argument in Ref. [11] . Namely, since the tree-level gauge action corresponding to Eq. (3) is real and positive semi-definite in Euclidean space, energetically favorable is a parity conserving configuration consisting of half the 2-component fermions acquiring equal positive masses and the other half equal negative masses.
According to the above arguments, the pattern of symmetry breaking we shall consider is not the parity but the chiral symmetry, i.e., of which the breaking is
Thus we investigate the dynamical mass of the type mψψ in the Schwinger-Dyson equation, giving
where the full fermion propagator is written as which turns out to be a mass function, i.e., M(−p 2 ) = B(−p 2 ):
where Λ is ultraviolet cutoff and the kernel K(p, q; G) is given by
with
where In terms of dimensionless variables (p = Λx
Eq. (8) is reduced to a linearized integral equation
where
is the rescaled infrared cutoff and in fact m is nothing but the dynamically generated mass by the normalization m = δB(m 2 ). We can rigorously prove that, if N is equal to the maximal eigenvalue of the kernel (9), then there exists a nontrivial solution Σ(x). Hence, for a given σ m , each line N(g, σ m ) on (N, g) plane depicts a line of equal dynamically-generated mass m = Λσ
Therefore, the critical line is defined by N cr (g) = lim σm→0 N(g, σ m ) which separates the broken phase from the symmetric phase. It is difficult to obtain the explicit form of the critical line N cr (g) for arbitrary g, however we can get it in the limit of infinite four-fermion coupling constant, g → ∞. In this limit, the bifurcation equation (12) in (2+1)D is rewritten into a differential equation
plus the infrared boundary condition Σ ′ (σ m ) = 0 and the ultraviolet one [ xΣ
2 , there is no nontrivial solution of Eq. (13) satisfying the boundary conditions, while for N < N cr the following bifurcation solutions exist:
where ω ≡ N cr /N − 1, δ ≡ 2ω −1 arctan ω and σ m is given by the ultraviolet boundary condition:
The solution with n = 1 is the nodeless (ground state) solution whose scaling behavior is read from Eq. (15):
The critical four-fermion number N cr = 128/3π 2 is the same as the one in QED 3 with the nonlocal gauge.
It is turn to comment briefly on the dynamically generated mass of the gauge boson and the dual transformation. The vector (gauge) boson is merely an auxiliary field at the tree level, however it turns out to be propagating by obtaining the kinetic term through fermion loop effect when the fermion acquires the dynamical mass. In (2+1) dimensions the pole mass M V of the dynamical gauge boson is given by 1 2π
which always satisfies a condition that M V < 2m. Once the Thirring model is understood as a gauge theory (3), its effective theory can be expressed in terms of dual antisymmetric-tensor field H µ 1 ···µ D−2 of rank D − 2, which is actually a composite of
This relation implies the current conservation at the quantum level, which is a crucial property for avoiding peculiarity in the lattice study of the Thirring model [13] . In (1+1) dimensions the above relation is nothing but the one of the bosonization, however extension to higher-dimensional case by integrating out the fermions leads to nonlocal bosonic Lagrangian [12] . In and predict the critical number of the four component fermion being N cr = 128/3π 2 in the g → ∞ limit. In order to check these intriguing questions, an appropriate systematic method is lattice simulation. Here we present the status of the simulation of lattice gauge theory [14] . The continuum Lagrangian is a U(1) gauge theory, and then the discretized version of Eq.(3) leads to a lattice gauge theory expressed in terms of a link variable e iθµ(x) and staggered fermions:
where β = 1/g and
Note that one can not discriminate whether this lattice Lagrangian (18) at the tree level lies in the compact formulation or in the noncompact one since there is no gauge kinetic term at the tree level. This issue is rather subtle because each continuum limit may arrives at different continuum theory as has been done in QED 3 . According to the present lattice simulations on 8 3 and 16 3 lattices, the lattice gauge formulation seems to support the existence of N cr (2 < N cr < 6), which should be tested again by further lattice simulation [16] .
